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Introduction 


Why are some trees larger 
than their neighbors? Are they older? 
inherently faster growing? located 
on a better microsite? or do they 
receive less competition from nearby 
trees? Such possibilities come to 
mind when one views trees of unequal 
size in young, even-aged stands of 
Douglas-fir. 


The relative size of individual 
trees, thein Widominance, |) wes) inves\- 
tigated in three young Douglas-fir 
stands in 1958-59. Study techniques 
were designed to measure effects of 
small differences in age and compe- 
tition on comparative heights and 
diameters within groups of trees. 
Concepts, field and analysis tech- 
niques, and findings are herein 
reported, 


Background Discussion 


Identifying the factor or factors 
which permitted a tree to grow taller 
or larger than its neighbors is difficult. 
Because dominance must be manifest 
before it can be studied, one attempts 
to peer into the past in search of con- 
tributing causes. Lack of long-term 
records limits investigation to those 
influencing factors detectable for eval- 


uation now. Historical happenings 
which differentially aided or retarded 
growth of the subject tree and its 
neighbors are often permanently 
hidden from view. Thus, the inves- 
tigator reluctantly proceeds on the 
assumption that presently detectable 
factors have been important influences 
in the past, and that their relative in- 
fluence has continued unchanged over 
a span of years. 


Variations in time and condi- 
tions of establishment, shrub and 
tree competition, genetic potential, 
and microsite quality probably exert 
major effects on tree size. Since 
microsite differences may be mini- 
mized if trees physically close to one 
another are compared and genetic 
comparisons cannot be made in short- 
term experiments, first interest 
centers on how cumulative growth 
has been affected by differences in 
age and competition within small 
groups of trees. 


This paper is revised from ''The Influence of Time of Establishment and Competition 
on the Comparative Heights of Second Growth Douglas-Fir Trees,'! a thesis submitted to 
Oregon State University in partial fulfillment of requirements for the Master of Science 


degree, June 1960. 


Age 

So-called even-aged natural 
stands may actually Spey fiseits trees 
with a range of ages.— Depending 
on the nature of stand establishment, 
a tree's present greater size could 
possibly be due merely to an earlier 
start of one to several years. Incre- 
ment produced in several additional 
years of growth and a greater average 
yearly growth caused by an initial 
favorable crown and root position may 
both contribute to greater size. Once 
dominant in a developing stand, rela- 
tive height advantage of an individual 
tree is often maintained or increased 
(Heck9255) Wanracky1.952)s\aahuis;, 
greater age alone may cause substan- 
tially greater tree size, even if all 
other contributing factors are the 
same. Conversely, unequal compe- 
tition among adjacent trees might, in 
time, cause loss of dominance gained 
because of a tree's greater age. 


Competition 


Numerous measures of compe- 
tition appear in the literature. Num- 
ber of trees per acre was used to 
measure density and its effect on 
expression of dominance in white 
pine (Deen 1933). A study directed 
more specifically toward individual 
tree performance compared height 
of tallest tree in relation to the 


iy "Even-aged. Applied to a 
stand in which relatively small age 
differences exist between individual 
trees. The maximum difference in 
age permitted in an even-aged stand 
iSsmuUswall vl OntOncO vieadyS erate «a 
"Forestry terminology,'' 3rd ed., 
Society of American Foresters, 


OT pp. Washington, Daa elI58: 


number of red pines within a surround- 
ing 20-foot square (Shirley and Zehn- 
graff 1942). To derive a competition 
factor for individual white and Engel- 
mann spruces, De Grace (1950) includ- 
ed trees within 12 feet of the subject 
tree and weighted these on the basis 

of average values calculated for de- 
fined volume classes. Ten-year height 
increment was inversely related to 
competition as defined by De Grace 
with a correlation coefficient of 0.69. 


In another approach, the theoret- 
ical growing space of ''subdominant'"' 
white pine trees was correlated with 
their basal-area growth percent 
(Wojczynski 1932). Radius of the 
growing space was calculated as the 
arithmetic mean of the distances from 
the subject tree to points located on 
lines to neighboring trees, the point 
locations being determined by the 
proportion of subject tree d.b.h. to 
neighboring tree d.b.h. The high 
correlation found between basal-area 
growth and growing space by this 
method is not surprising, since sub- 
ject tree sizewas not kept independent 
but directly influenced the estimation 
of growing space. 


When competition measures 
have been kept independent of subject 
tree size, an area of constant sizehas 
commonly been used to represent 
growing space around the subject tree. 
But by holding area constant, the vari- 
ation in space requirements between 
smaller and larger competitors is 
A modified approach, taking 
size, number, and nearness of compet- 


ignored, 


itors into consideration, has produced 
good correlation with diameter growth 
of the subject tree (Spurr 1962). 


Competitive effects produced 
by a tree are related to its root and 


crown spread. Since moisture does 


not move through soil at high mois- 
ture tensions, extent of a tree's root 
system defines the limit of its influ- 
ence on water and soil nutrients. 
Likewise, areal shade is related to 
crown diameter. Both roots and 
crown are more or less symmetrical 
around the tree bole, and their extent 
is closely correlated to d.b.h. 
(Briegleb 1952; Smith 1964). There- 
fore, d.b.h. is one easily measured 
parameter related to the growing 
space used and the competition exert- 
ed by an individual tree during its 


period of vigorous growth. 


The influence of distance be- 
tween competitors and the maximum 
distance that competition is exerted 
also require consideration. In Douglas- 
fir spacing tests near Carson, Wash., 
competition began early in stand de- 
velopment. 
at wider spacings showed greater 
height growth (Isaac 1937). Differ- 
ences between average height of trees 


By 10 years of age, trees 


at the extreme spacings (4 by 4 and 

12 by 12 feet) widened with age. After 
33 years, average tree height at 12 by 
12 spacing on site IV land was 20 feet, 
or 53 percent greater than at the 4 by 
4 spacing. Average d.b.h. was more 
than doubled (Reukema 1959). Although 
this single test shows that Douglas-fir 
grows larger when given space to grow, 
it does not define the growing space a 
Douglas-fir tree of a given size re- 
quires under given site conditions to 
be free of competition. 


Methods 


Three Douglas-fir stands on 
site quality III land were chosen for 
the study. One stand was located on 
the Voight Creek Experimental Forest 
near Orting, Wash.; another on the 


Black Rock Experimental Forest near 
Malis Gutyy Omer wand the thirdvon 
the Adair Tract north of Corvallis, 
Oreg.2/ All three stands were of 
natural origin and stocking was near 
normal in terms of stems per acre. 


Subject trees used in size com- 
parisons were in groups of four 
(Voight Creek) or five (Adair, Black 
Rock) located in 1/100-acre plots 
The 
small plot size served to minimize 
microsite differences between the 
subject trees. 


spaced about 2 chains apart. 


Descriptive data from 
trees sampled in each stand are given 
in table l. 


Trees sampled were dominants, 
codominants, or strong intermediates. 
Diameter at breast height, height, age, 
and competition were measured for the 
subject trees on each plot. Techniques 
used for the latter two measurements 
and for data analysis are described 


below. 


Age 

Accurate borings for age require 
penetration through the tree pith at 
ground level, since age variation in- 
creases with height of sampling (Brit- 
ish Columbia 1950). The words of 
Bauer (1924) emphasize that hitting 
the pith is more easily said than done: 
"It becomes quite an art to find the 
center of a tree accurately when a 
complex of factors act all at once to 


Bt Appreciation is expressed to 
St. Regis Paper Co. for permission 
to study the first stand named; to 
Oregon State University for permis- 
sion to study the latter two. 


Table 1.--Deseriptton of sampled stands and trees 


Item 


SHH e ws inidexiyerechelioneres G0 060000 000 O0 feet.. 
INOS Soca nooo oe douute Ooo un bO OU number.. 
INGA EIS OLN Gia.g coo uO ODO 0 co number.. 
AVGTRAG CliGlalrell Men arene shewelonelelicistersnetets inches.. 
Average range in d.b.h. on 

LOS G.o.clog aoa on oc8'd al0.D -...einches.. 
Average height of dominants 

and codominants........ aloha eensie ne Cleats 
Average height, all trees....... feet.. 
Average range in height on 

DILOIES EieHoneuen cwewetelieiouenstelisl siaiers Micheuen elie feet.. 
Average age of dominants and 

COMOmAM AMES yere cane eheterat ot sbeleuensie ..years.. 
Average age, all trees......... years.. 


Average range in age on plots..years.. 


shift it from its logical position. '! 
Stem and primary root of l-year-old 
Douglas-firs together average about 
8 inches in length, so a maximum 
vertical ''target'' of 4 to 5 inches 
around ground level was chosen from 
which to obtain the increment core. 
Sufficient soil was removed at the 
tree base to allow turning the incre- 
ment borer in the target area. The 
tree pith was then located by test 
borings made slightly above the 
chosen spot. Guided by this infor- 
mation, a 5/16-inch core, which 
penetrated through the pith, was then 
extracted at ground level. 


Rings in the tree center were 
counted on thin sections cut from the 
increment core and stained witha 
differential stain for springwood 
(Smith 1955). When viewed by 


Voight Creek 


Location 


Black Rock 


136 147 125 
6 10 5 

4 5 S 
9.6 7.6 10.2 
4.9 Ja 4.7 
S92. a) oD) 81.2 
86.8 Sy/eeall Uiod 
19.7 10.9 18.2 
45.4 26.5 45.0 
45.2 26.6 44.7 
4.2 [25 8) 3.2 


reflected light at 20 or 48 X magni- 
fication, center rings were quite 
distinct. Outward from the center, 
ring counting was easy. 


Competition 


Because of the strong relation- 
ship of root spread and crown width to 
d.b.h., a''constant times d.b.h.'' ex- 
pression was adopted to define a com- 
petitor. Three constants were tested: 
where D is the potential competitor's 
d.b.h. in inches, competitors were 
defined as trees closer (in feet) to the 
subject tree than 1.50), 1/508 sand 
2.0D. For site III lands where the 
study was made, these constants were 


estimated to represent a fairly conser- 


vative (1.5D) to a fairly liberal defini- 
tion (2.0D) of a competitor. 


Various data for defined com- 
petitors were accumulated to express 
total competition received by onetree 
from surrounding competitors: 


1. Sum of the d.b.h.'s of de- 
fined competitors. 

2. Sum of the basal areas of 

This 

gave more weight than (1) 

to large competitors since 


defined competitors. 


radius was squared. 

3. Sum of the ratios resulting 
from dividing each competi- 
torsia. ib) bee(aneteet) sbynthalt 
tree's distance from the 
subject tree. This method 
weighted data by both size 
and proximity of competitors. 

4. Sum of the squares of the 
ratios in (3), which further 
increased the weight given to 
large, or nearby, competitors. 


Data Analysis 


Linear regressions and correla- 
tion coefficients were calculated to 
relate height and diameter of trees on 
each study area to total age, to com- 
petition, and to age and competition 
combined. For analysis, data for 
height, diameter, age, and competi- 
tion were first converted to percent 
of average for each plot and then 
combined for all plots within a single 
stand. 


Results 


Age 


Slightly older trees were gener- 
ally taller and larger in diameter. 
Correlations of height and diameter 
to age for trees at Voight Creek and 


Black Rock proved statistically signif- 
icant at the 95-percent level or higher: 


Correlation 
Number — Coefficient (1) 
Stand OL wCCH Daido ete Height 
Voight Creek 24 0. 5 37K x O. 42% 
Black Rock 25 . 40% LATE 


*Significant at the 95-percent 
confidence level. 

*«*Significant at the 99-percent 
confidence level. 


Range in tree age on plots at Adair 
Tract averaged only 2.3 years (tablel), 
too small for meaningful analysis. 


For trees at Voight Creek, the 
regression equation (using adjusted 
data) relating height to age is y = 
100.0 + 1.00 (x-100.0). Thus, a 48- 
year-old tree in the 45-year-old stand 
(107 percent of average age) could be 
expected to show a height superiority 
of 7 percent or 6 feet over the average 
tree height of 87 feet. The same tree 
would be 23 percent or 2.2 inches 
larger than the 9. 6-inch average d.b.h., 
as predicted from the d.b.h.—to-age 
equation, ye 100.0 + 3.22 (x- 100. 0). 


Regression coefficients relating 
height and d.b.h. to age for trees at 
Black Rock are 1.47 and 2. 44, 
tively. 


respec- 
Thus, for a tree 3 years older 
than average in this stand, one would 
predict about 10 percent more height 
and 17 percent greater d.b.h. 


Competition 


Height of the subject tree at 
Voight Creek correlated much better 
with total competition derived as the 


sum of competitor basal areas or 
ratios than as the sum of d.b.h.'s or 
ratios squared. Hence, in analyses 
of Adair Tract and Black Rock data, 
only the first two expressions of com- 
petition were evaluated. 


Competition affected diameter 
and height of trees in the Voight Creek 


and Adair stands (table 2). Most corre- 


lations between competition and d.b.h. 
for these two stands were significant 
or highly significant. Some significant 
correlations between competition and 
height were also found. No significant 


association was found between compe- 
tition and d.b.h. or height of trees at 
Black Rock. 


Regression coefficients relating 
d.b.h. or height to competition were 
substantially larger for trees at 
Voight Creek than at Adair Tract, and 
in both areas those relating d.b.h. to 
competition were larger than those for 
height. When competitors are within 
1. 75D of the subject tree at Voight 
Creek, d.b.h. relates to competition 
(data expressed as sum of ratios, ad- 
justed to percent of plot means) as 


Table 2.--Correlation coefficients (r) between competition and observed hetght 


or d.b.h. in three young Douglas-fir stands 


Competitor 
criterion 


Stand 


Voight Creek 1.5D == (0) 257, 
Mey ASyo)} -.42% 
2.0D -.41% 

Adair Tract ies yy) -—.32%* 
LWP. —.47%** 
2.0D -.28 

Black Rock aD): = dley/ 
WS TAS) 5 5}5) 
2.0D -.10 


/ 


D.b.h. and Height and Height and 
sum of sum of sum of 
ratios basal areas ratios 


-0.56** -0.36 -0.36 
So as —.58%* —.5/%* 
-.41% -—.44% -.42% 
—.43%% -.20 -.08 
—.47%%* -.36% -.10 
yess zal =o 
= 03 10/2 =o 0)il 
=.07 -.04 -.01 
=1105 -.02 =o (OIL 


* Significant at the 95-percent confidence level. 


** Significant at the 99-percent confidence level. 


1/ 


— Based on 1 and 22 degrees of freedom for Voight Creek data, 1 and 48 for 


Adair Tract, and 1 and 23 for Black Rock. 


y= 100.0 - 0.95 (x-100.0), and height 
asi7 = 100.0 — (0,40 (a—-10020). Under 
the same competitor definition, but 
using sum of basal areas because 
these coefficients are larger, d.b.h. 
for Adair Tract trees relates to com- 
petition as y= 100.0 - 0.27 (x-100. 0) 
and height as y = 100.0 - 0.086 
(c-100.0). Thus, a tree with Z0 per- 
cent more competition than average 
would be predicted to be about 19 per- 
cent less than average stand diameter 
at Voight Creek but only 5.4 percent 
less at Adair Tract. Height of that 
same tree would be 8 and 1.7 percent 
less than average stand height at 
Voight Creek and Adair Tract, re- 
spectively. 


Age and 
Competition 


Multiple regression analyses 
relating d.b.h. or height to both age 
and competition were made only with 
Voight Creek data, since either one 
or both independent variables were 
not significant at Adair Tract and 
Black Rock. 
coefficient for d.b.h. related to age 


The multiple regression 


and the reciprocal of competition was 
0.69, for height 0.67. Both coeffi- 
cients are highly significant statisti- 
cally. 


Discussion 
Age 


A small difference in time of 
establishment of the individual tree in 
an even-aged stand is associated to a 
surprisingly large degree with the 
tree's future dominance. Perhaps 
individuals established first have 


better opportunity for uncontested 


root extension, and root system 
superiority has been suggested as 
mandatory if a tree is to achieve and 
maintain dominance (Stevens 1931). 
Physical damage, such as browsing, 
frost, or ice breakage, might be ex- 
pected to obscure the age-height re- 
lationship. However, Deen (1933) 
reported that lateral branches 
straightened up following removal of 
2 years' height growth from selected 
17-year-old trees in a nearly stagnated 
stand of Norway (red) pine so that ''At 
the end of 2 years the loss in height 
growth by the topped trees was so 
slight as to be of no practical signifi- 
cance.'' Such recovery may tend to 
maintain the initial height advantage 
gained by earlier establishment in all 
but extreme cases. 


Competition 


The empirical measures of 
competition used in this study proved 
useful in stands at Voight Creek and 
Adair Tract but failed at Black Rock. 

A single value, expressing competition, 
can be but a rough approximation of a 
highly complex relationship. 


Judged by highest correlations, 
the best distance definition for com- 
petitors was 1.75D. Since this defi- 
nition was bracketed by the other two 
distance criteria, confidence can be 
placed in its use for stands of this age 
At 1.5D, com- 
petition is apparently underestimated; 
at 2.0D it is overestimated. Smith 


range and site class. 


(1958) has suggested optimum spacing 
Giistancesv of Is 5 by d.jb.h. ony site 150 
and 0 by d:ib. hy onsite 200 for 
rapid growth of young Douglas-fir. 
Data from this study indicate these 
recommendations may be conserva- 
tive if one wishes to eliminate all 
competition. 


Spurr (1962) has illustrated the 
greater sensitivity of using both size 
and distance of competitors in mea- 
suring the effect of ''point-density'' or 
competition on diameter growth of 
individual Douglas-firs in New Zealand 
plantations. In Adair Tract and 
Voight Creek data, similar gain can 
be seen by the higher correlations of 
d.b.h. with the sum of ratios than 
Height- 
competition correlations were greater, 
however, when based solely on basal 
area of defined competitors. 


with the sum of basal areas. 


Several weaknesses may exist 
in assumptions underlying the method 
of estimating competition used in this 
study. Symmetry and independence of 
root system were assumed, but these 
conditions may not always have 
existed. In closed stands like those 
sampled, root grafting may reduce 
the independence of individual tree 
growth. On steep slopes, horizontal 
root spread may be asymmetrical, 
with the elongated axis parallel tothe 
slope. Lack of significant size-com- 
petition correlations at Black Rock 
might be explained by such root asym- 
metry, since that stand grew on steep 
ground. 
deliberate attempt was made to develop 


In a second assumption, a 


an estimate of competition independent 
But it can be 
argued that the larger a tree is, the 
more it may have suppressed growth 
of competitors. 


of subject tree size. 


Thus, there may 
come a time in individual tree devel- 
opment when a big tree will have less 
competition than a small tree because 
of its own size rather than the size of 
its competitors. The above possibili- 
ties illustrate that competitor relations 
may be difficult to express. 


The size-competition relation- 
ship might also be curvilinear rather 


than rectilinear as assumed. In this 


study, height or diameter data plotted 
against competition values give little 
evidence for a curvilinear relationship. 
Likewise, in the Wind River study, a 
linear relationship is shown for d.b.h. 
or basal area of the average tree 
plotted against its spacing in square 
feet. Height of the average tree also 
appears linearly related up to the 10- 
by 10-foot spacing (Reukema 1959). 
Hence, addition of individual competi- 
tor values and analysis of study data 
by linear regression seem justified. 


The squared multiple correlation 
coefficient (x2) for Voight Creek data 
indicates that 45 percent of the varia- 
tion in tree d.b.h. is associated with 
age and competition. Since either age 
or competition alone is associated 
with 28 percent, the individual effects 
are largely additive. Data from the 
other two stands indicate that 22 per- 
cent of the d.b.h. variation is asso- 
ciated with competition at Adair Tract, 
where age influence was negligible; 
and age correlates with 16 percent 
of the d.b.h. variation at Black Rock 
where competition, as estimated, 
played a minor role. Most of the 
variation in d.b.h. 1s due) to) genetic, 
microsite, and other unmeasured in- 
fluences upon the tree. 
variation accounted for by small dif- 


However, 


ferences in age and competition 
appears large enough to merit con- 
sideration in selecting superior 
phenotypes for genetic purposes 
and in making decisions regarding 
interplanting and thinning. 
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The FOREST SERVICE of the 

U. S. DEPARTMENT OF AGRICULTURE 
is dedicated to the principle of mul- 
tiple use management of the Nation’s 
forest resources for sustained yields 
of wood, water, forage, wildlife, and 
recreation. Through forestry research, 
cooperation with the States and private 
forest owners, and management of 
the National Forests and National 
Grasslands, it strives — as directed 
by Congress — to provide increasingly 
greater service to a growing Nation. 


